Origanum tyttanthum Gontsch. was collected from two different sites in south-central Tajikistan. The essential oils were obtained by hydrodistillation and analyzed by gas chromatography -mass spectrometry. A total of 52 compounds were identified representing 99.0-100% of total oil compositions. The major components of Origanum tyttanthum Gontsch. oil were carvacrol (34.3-59.2%), thymol (10.8-46.4%), p-cymene (0.7-7.3%), β-thujone (1.9-4.1%), piperitenone oxide (0.1-3.8%), γ-terpinene (0.3-3.5%), cis-piperitone epoxide (0.8-3.3%), carvacrol acetate (0.4-2.4%), menthone (0.6-2.1%) and borneol (1.0-2.3%).
The genus Origanum belongs to the family Lamiaceae and comprises 43 species and 18 hybrids widely distributed in Eurasia and North Africa [1] . The species Origanum tyttanthum Gontsch. is synonymous with Origanum vulgare L. subsp. gracile (K. Koch) Ietsw. [2] , and is the most widely distributed medicinal plant in Central Asia [3] . The plant is a perennial herb, up to 60 cm in height, with ovate dark green leaves, about 2 cm long. In Tajikistan, it blooms from June to September with small purple-red or red-violet flowers. In Tajikistan, it covers a total area of over 140 thousand hectares, yielding a total stock of air-dry raw materials of 6490 tons, and is thus a natural resource with industrial value [4] . As a medicinal plant, O. tyttanthum has been used as an expectorant, carminative, diaphoretic, stimulant, stomachic, and tonic. It is also used as a gargle for laryngitis, stomatitis, and sore throat [5].
There have been numerous studies on the composition of essential oils from Origanum vulgare L. from various geographical locations and habitats [6] . Most of these authors have described oils dominated by the phenolic monoterpenoids carvacrol and thymol. In 1936, Kudryashev examined the composition of the essential oil of Origanum tyttanthum Gontsch. and found that it was dominated mainly by thymol and carvacrol (35-66%) [7] . In contrast, in 1975 Ramazonova noted that an oil of Origanum tyttanthum from Uzbekistan was found to contain terpinenol (75%), camphor (4%), and linalyl acetate (5%) [8] . Ten years later, Elchibekova and Nikonov [9] used GC to examine O. tyttanthum oil from southern Kazakhstan and found the oil to contain α-thujene (0.1%), α-pinene (1.6%), camphene (0.3%), β-pinene (0.3%), sabinene (1.6%), myrcene (0.3%), α-terpinene (0.3%), limonene (7.1%), 1,8-cineole (10.3%), n-octanol (1.6%), linalyl acetate (0.3%), linalool (1.2%), bourbonene (0.2%), elemene (0.2%), terpinenol (40.8%), caryophyllene (3%), α-humulene (0.1%), borneol (2%), and α-terpineol (0.1%), consistent with the results previously reported by Ramazonova. However, Baser and co-workers [10] and Dzumaev and co-workers [11] , consistent with the report by Kukryashev [7] , found O. tyttanthum from Uzbekistan to be dominated by thymol and carvacrol (48-89%) and containing up to 10-11% p-cymene and γ-terpinene. The aim of the present work was to determine the composition of the oil from wild O. tyttanthum in Tajikistan, from four samples collected at different sites in south-central Tajikistan. To our knowledge, there have been no previous studies of O. tyttanthum from Tajikistan.
Origanum tyttanthum Gontsch. was collected from two different sites in south-central Tajikistan. The essential oils were obtained by hydrodistillation and analyzed by gas chromatography -mass spectrometry ( Table 1) . A total of 52 compounds were identified representing 99.0-100% of total oil components. The major components of Origanum tyttanthum Gontsch. oil were carvacrol (34.3-59.2%), thymol (10.8-46.4%), p-cymene (0.7-7.3%), β-thujone (1.9-4.1%), piperitenone oxide (0.1-3.8%), γ-terpinene (0.3-3.5%), cis-piperitone epoxide (0.8-3.3%), carvacrol acetate (0.4-2.4%), menthone (0.6-2.1%) and [10] , and markedly different that the reports of Ramazonova [8] and Elchibekova and Nikonov [9] .
The major component of the O. tyttanthum oil from the Yovon region was carvacrol (40.5-59.2%) and in the oil from the Muminobod region was thymol (46.4%). In order to examine potential accumulation and transformation of essential oil components during plant growth, plants from the Yovon region were sampled at three phenological Origanum tyttanthum essential oil composition Natural Product Communications Vol. 6 (11) 2011 1721 stages: pre-flowering (April), flowering (July), and fruiting (October). The amount of carvacrol generally increased during the growing season and reached its maximum level in the summer (Fig. 1) . Conversely, the thymol levels decreased gradually during the growing season and reached its minimum level during autumn. p-Cymene and γ-terpinene steadily increased from spring to summer, when they reached the maximum level, and then from summer to autumn their levels showed a gradual decrease. These trends parallel those observed for O. onites from Turkey [12] and Thymus kotschyanus from Iran [13] . It has been previously noted that essential oil yields and quality are highest during the full flowering stage [14] . These results suggest that O. tyttanthum is best collected during the full-flowering stage when carvacrol+thymol concentrations are at their highest. The high carvacrol and thymol concentrations in O. tyttanthum are consistent with the traditional medicinal uses of this plant. and hydrodistilled using a Clevenger apparatus [15] for 3 h to give the yellow essential oils, 0.6-1.2% yield.
Gas Chromatography -Mass Spectrometry:
A gas chromatographic-mass spectral analysis was performed on the essential oils of O. tyttanthum using an Agilent 6890 GC with an Agilent 5973 mass selective detector (EIMS, electron energy = 70 eV, scan range = 45-400 amu, and scan rate = 3.99 scans/s), and a fused silica capillary column (HP 5ms, 30 m  0.25 mm) coated with 5% phenyl-polymethylsiloxane (0.25 µm phase thickness). The carrier gas was helium with a flow rate of 1 mL/min, and the injection temperature was 200°C. The oven temperature was programmed to initially hold for 10 minutes at 40°C, then ramp to 200°C at 3°C/min and finally to 220°C at 2°C/min. The interface temperature was 280°C. A 1% w/v solution of each sample in CH 2 Cl 2 was prepared, and 1 µL was injected using a splitless injection technique. Identification of the oil components was based on their retention indices determined by reference to a homologous series of n-alkanes, and by comparison of their mass spectral fragmentation patterns with those reported in the literature [16] , and stored on the MS library [NIST database (G1036A revision D.01.00)/ChemStation data system (G1701CA, version C.00.01.080)]. The percentages of each component are reported as raw percentages based on total ion count without standardization. The chemical compositions of the O. tyttanthum oils are summarized in Table 1 .
